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ABSTRACT

The equations for a magnetic dipole in a homogeneous,

conductive medium are analyzed. The field is shown to be ellip-

tically polarized in the transition zone between near field and

far field. Quantities are introduced which are easy to determine

by experiment: from them, the complex propagation constant can

be determined at a given distance. Thus, conductivity and dielec-

tric constant can be calculated for a given frequency. The appli-

cability of this method is confined to the region of va!Jdity of

the basic expressions. This comprises the condition that the

cavity which contains transmitter and receiver is small as

compared to the wave-length in matter. Our measurements at

120 kc/sec satisfied this condition.

The principle of measurement and its evaluation are des-

cribed. The results are compared with results obtained from

natural rock samples.
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DETERMINATION OF THE MEAN VALUES OF CONDUCTIVITY AND DIELECTRIC

CONSTANT FROM THE FIELD STRUCTURE OP A MAGNETIC DIPOLE

1. THEORY

1.1. lFundamental equations

The radiation of a magnetic dipole is considered under the

following assumptions:

1. The medium is homogeneous, isotropic and unbounded. The decisive

rock parameters F, IL and 6 are acually constant.

2. Transmitter and receiver are embedded in this medium.

3. The distance r between transmitter and receiver is so large

that both, transmitter and receiver, may be considered as point-

shaped.

Then the measured magnetic field strength components in

complex form read as follows : [1], [2], [91

m c ei(wt-kr) ik +
r TXc (i)

-4 sn e i(wt-kr) ik

- T sr) [ k2 + - . (2)
r r 2

m - n.IF - dipole moment

n.F - number of turns by the area of the transmitting antenna

I - current intensity,

r - transmitter - receiver distance

.%" angle between the dipole axis and radius vectorto the point

of measurement,

k - complex propagation constant for which the following ex-

pressions are valid:

k2  W - idwj o  (kI - ik2 )
2  (3)

.1 2 1_ _ ) 2 N .
k - Re k = 1 A (l + 1 + Wee

I40
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k -Ii k- 1W2%% (-, , + (5)

As k2 lies in the fourth quadrant of the Gaussian plane,

the values tor k lie always in the hatched part. The following re-

lation is valid:

k2 ! k1 (6)

5k,

1.2 Determination of 6 and E.:

If k1 and k2 can be measured, 6 and e may be determined
at a given fraquency and at i t 1 (valid for the majority of rocks).

From (3) it follows that:

2 2 2 2
Rek k - k 2 -w F Y o

Im k2 - -2klk 2 -- dWo

and furthermore

k 2 _k 2  16 2 k 2  k 2 -k 21 I -k2 .9*10 1 I -2 15 kl " k
1- 2o2 4 2 2 2.285 • 101 2 (7)

2klk 2  10 klk2  kI 'k2k1-- 2 1--- 2 2.535 • O5 k 1 2  (8)
IL'fO y r



1.3 Polarization ellipse [1]

For the far field (k1r >> 1) of a dipole, all terms of an

order higher than 1/r may be neglected in Eq. (1) and (2). Only

a magnetic component and an electric componenet are left over

which in accor lance with Sommerfeld's radiation condition be-

have like spherical waves. Under these assumptiona, the paper

quoted under [4] gives among other thiDgs also a method of de-

termining the attenuation factor L2o

If this approximation is not valid, the main field is po-

larized elliptically (main field is the electric field of an elec-

trical dipole, and the magnetic f eld of a magnetic dipole). In

(1) and (2), theory yields complex expressions for Hr and H4ri

which are interpreted as followst

Let us turn from the time dependence exp(iwt) to real tri-

gonometric functions, we thus obtain the real field strength

components Hr and Hj:

r Hr " Acos(wt -khr f) (1.)

1. B cos(wt - k r +;) (2a)

and S2 are the phase angles of the complex numbers in brackets

of Eqs. (1) and (2).

The maximum values of the oscillation A and B are calculve;,

as absolute values of (1) and (2)

A IH r

Snap-shots of the field taken at a certain moment yield the well-

known pict.res of Hertuian limes of force [5]. The resulting field

strength is iormed in accordance with the rules of vector adilioa.



(la) and (2a) also show the influence of the phase constants S,
and J on the amount and direction of field strength.2

Such snap-shots cannot be made by experiment.

The observer has the possibility of taking the position at

a certain point of the coordinates (r, ) and of measuring the

time mean values of received field strength (amount and direction).
From (1a) and (2a) it can be seen that the phases of the

two oscillations in the directions r and 19are shifted by

9 . S2 - Sl 0 (9)

For r - const, (la) and (2a) may be written as follows, with the

phase constants k r, aI and c$2Abeing omitted; ()

H r uAcos wt (lb)

B cos (wt +). (2b)

The observer thus measures an elliptically polarized field.

Fig. 1 shows the formation of the rotating field ellipse

from the field strength components Hr and HA The angle .Vis

counted counterclockwise from the radius vecotr toward maximum

received field strength. The small axis of the ellipse is H2.

S is calculated at a later time, yet the definition of dCF
and -2 shows X being a function of kl, k2 and r(cf. (la) and

(2a)). Since S in Section 1.8 is shown to be measured, there

exists the possibility of

1.4 determining k, and k

Measuring 5- S(klkk2 ,r) and r alone does not yield k1 and

k2' We need another quantity which also depends on kl, k2 and r

arl2 "C''a'us a easy tou Measure
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These ogziditioris are fulfilled by the function L31,[51R I E *I/coo J
G W o",. 0A t an (10)'90 I /sinh -"

which in the ourse f VLP work has frequently been examkned, H0

and Eq. being the field strengths at Q,. and 90O , respectively.
The following section proves that G and S may be written

as followst 9. (k , k r)

0 G(kIr, k2r)

enoe it is quite sufficient to solve the above oyste3 of equations
for k r and k 2r , the resulting values being divided by r. Thus# k1

~and k2 are obtained.

1.5 Calculation Of 0and

Substituting k a k1 - ik2 in (1) and (2) we obtain:

m - i(wt-k 1r) ekr k()L,
r 2M:0 [-l

i(wt-k() k r [ 2  2  iik. 1
sin - ~+ kL2 + + + 2k k +rr

(2o)

For the purpose of abbreviation, we substitute the following oz-

pressions for the real part o.nd imaginary part in parentheses:
k 2 I kl1

"T + r b 1
r r2  1

...+ .+ .ar2k k-

1 2 r r 2 2. 12 + D2



J.II

tan

tan -
2 a2

with S and S2 being phase constants which in (1c) and (2o) may

be counted among the terms exp i(wt - k1 r), yieldings

H cos (wt - k1 r + Sl
)

Hj.H cos (wt - k1r + 1 2 ).

with S. 2 " S it follows that
tan < an S" 2  ta" 1" a<  1 b 2 -a. b 12a 1

I + tan tan c2 ala+

1aS 2 1 2 1b 2 b
For G we obtain

Gr A/coo 2 aI+bI
1" inF a 2 + 2

Substituting the above values for al, bl, a2, b2, we obtain after

brief calculation

tan S - klr[2k r + (k1r)2 + (k 2]

1 + 2k2r + 2(k2r)
2 + k2r 1k r)

2 + (k2r)
2]

(1 + k2r)2 + (k1r)2 . .~2 2+ [.... 2- , (12)
G 2 +2k2r+3(k 2 r)2_ (k 1 r.+2k 2r [(klr )2+ (k 2r)q + IN1r )2+( 2 r)92

Hence, G and 9 really depend only on klr and k2r, as stated in

Section 1.4.

1.6. Discussion

The functions (12) and (12) were computed on the ZUSE Z23V
computor of the Institut fUr Rechentechnik, University of Innsbruck.



The results are given in Figs. 2 and 3. They show the functions

G and S as dependent on
xm- r . (3)

Because of (6) it seemed favorable not to choose k2r as

parameter, but to express k2r in percents of klr, thus putting

k2r - pklr
2  1-

is the parameter chosen in the family of curves.

The physical importance of x and p in explained as follows:

x is the distance related to the wave-length of radiation in

mater multiplied by 2%.

p depends only on the ratio charge carrier motion : dis-

plaaement current w 6 : weo as can be seen from (4) and (5).

6 2+ ( -E)
0 (15)

W&CO

For< 0 .2

For 
a--

0 16

is valid with good approximation (slide rule accuracy), for

d- > 10 we may writeo£" w ce

The intermediate region not covered by the approximation ex-
pressiontis represented in Fig. 4.
k- r6m (i6) and (17) it can be ssen that the curves in Figs. 2

and 3 with p - 0 illustrate the coiditions of an ideal insulator,

whereas p - 100 corresponds to an ideal conductor.



1.7. Relation between G, and the field structure

In the near field (r << ) the field has the structure of

an ordinary magnetic dipole. In the expressions (1) and (2),

only the terms -- 1/r3 are decisive which correspond to Bio-

Savart's law in the stationary case. For small values of k1r, all

curves of G(x,p) and S(x,p) converge. Here the field structure

is independent of whether we have. a. conductor or an insulator,

In practice, the near field can be determined as followss

klr o.l (18)

This means that for distances o.o16 timee the wavelength, the

displacement current in any case may be ngelected. The values

for G and in this region are

G-2

Hence, the phase difference is negligibly small, the field

being linearly polarized. At a fixed point of measurement,

H r I + IH 12 .

In the far field (r >>>), the curves for G fuse together, where-

as the phase difference approaches a boundary value. From (11)

we obtain kI  (
lim tan k k19)
r4 0 2 P

Let us take
klr > Io

as a definition of the far field and let us make an accurate

examination.

The phase difference then differs from the bo.idary value (19)



- - - - ~-- -- ~ -- -- ~ -- - ~

-V t I I
2 IQ 1I~

I I1-.; IC

0

V

I fr~
____ Ii)

- _ N

C'.

L..
ci -'I

In
4.'

-'C..
II

I/i

ci I_ _

b
In

4,
Gd)

4%~

C'~4J -%

o

__ I

0 0 0 ~ Q
14j O~ 10 ~ '# ~ 4~4



r

I

I
I

_ _

_ _ __ I
Sn

___ ___ ____

In

______ frj$
~1

N

II 4.

In
-5,

I.
_ _ ft~40

In
Cs

II

(I;

C

____ ____ ____ _____ 40
9.-

iz
e

In 9-



0.7 I
0.6 __ __ _ _ _- FIG. 4:

0.5 __ __ _ _ _- k vs. a/tot t.

0.4

0.7 __ _

FIG. 5: C ~

Fa r Field Diagram

DIPOLIE AXIS

FIG. 6:-

-Pedal Locus Curve

DIRECTION OF M



-9-

by no more than 0.300 G is smaller than 0.2. This does not mean

that elliptic polarization here ouuld be neglected.

For an angle of 3- for which we have

tanJ- G,

IH' 1 1 is o alid as can be seen from (10).

For this angleg a distinct rotating field ellipse may be

expected. Subat)tuting k1r - 10 ir. the above equation, we obtain

80 < Y 11.30.

The statement that a dipole does not radiate in the direction of

its oscillation is not exactly valid, it follows from the con-

sideration of H4 only,

Field strength diagrams therefor do not attain the value

zero for any value of 5-, as can be seen in Fig. 59 since Hr

always prevails for a small angle5.

We are now going to prove in how far the far field diagram

of Fig. 5 is valid for k1r - 10.

If the component Hgis approximately 10 times Hr9 we may

consider the wave to be linearly polarized: with

0.14 < G <0.2 (Fig. 3)

we then obtain
54° 0<',3 < 640

according to (10).

This means that the far field diagram of Fig. 5 is valid

only from an angle of approximately 600 onward. Hence, k1r a 10

is not a useful limit.

As the concept of far field can be outlined only with a

certain Arbitrariness. and a clear definition of concepts being

desirable, the following suggestion shall be made:



S- L0 -

We may speak of a far field in those cases where the wave

may be looked upon as being linearly polarized from an angle of

100, in spite of a phase difference between H and HA.

Under the following conditioj the wave may furthermore with

good approximation be aamme.-to be linearly polarized:

, , 10 0 Hr

Because of (10) it thus follows that

G < 01 18

which according to (12) means that

k r > 100 (20)

Suumary :

The near field corresponds to the field of a stationary

dipole. We speak of a near field when

klr 4 0010 (18)

The defintion of far field is based on the assumption that 
the

typical far field diagram HI -- sin A is valid and that Hr at

an angle of 3- 10 0 is 1/10 of ° This yielded

kIr > 100.

The near field - far field transition zone in which the H field

is elliptically polarized lies in the region of

001 < k1r 1 100 9

where differences between o and 6 have m M -g ....

field structure. From the above structure characterized 
by G and

conclusions as to d and e, may be made by evaluating the re-



sulting polarization ellipse.

18 Determination of G and from the polarization ellipse

If there exists an elliptically polarized field9 a voltege

proportional to the diameter of the ellipse in the direction of

the receiving antenna is induced in the receiving antenna which

behaves like a magnetic dipole (ferrite rod). When turning the

receiving antenna through 360°, voltages are measured which are

not proportional to the rotating field ellipse9 but which have

values that lie on a pedal locus curve of the ellipse with re-

spect to the point of revoluation P (cf0 Fig0 6). This has al-

ready been described in [5]o Ellipse and pedal locus curve

contact each other in the peak values so that the voltages in-

duced in these directions are proportional to the field strengths

H and H of Fig0 I Thus we have
1 2

U HI
U2 r 2 o

It is shown hereinafter that it is quite cufficient to

measure the axial ratio of the rotating field ellipse
H U1 1 I

I2  U2

and the angle 1ybetween the radius vector and the maximum field

strength0 G and S can then be determined0

For this purpose, we place a aartesian coordinate system (xy)

through the point P so that the x-axis coincides with the radial

direction0

In Eqs0 (lb) and (2b) we substitute

x for Hr

y for R,.
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writing

x - A co wt

y - I cos (Wt +.)

Elimination of t yields the equation of the rotating field ellipse,

i.e., the path described by the tip of H around the point Ps

x x__2 + 2 2xy cosS 1

'Bgit~1 - B iu 1 (22)Asin,', "B-sin b AB sin!&"

The system (x,i)is placed so that the ellipse here has standard

shape:

1 H 2

+ (-)2 1 (23)

The system (i,i) is displaced with respect to (x,y) by the

angle of ir Theie exists the following relation:

= x cosy 4  y siny

y -x siny + y coo YO

Substituing this relation in (2V) we obtain:
x , 2xy

2 2 2 2  2
1 1 H2 H 1  H 2  R1 H2

2 I2  2  2 2 2 2 2 2 21H 2 coo H2 sin T + Hcos (H1  R2  2

Comparison of coefficients with (22) yields:

H 2 H 2

A2 sin 2S2 1 2  2 2 (24)

2 002 o + H1sin -T

H2 H2
B i S 2 21 2 2 2(25)

B2  1 coo -fcos 2 2i

1 j 2 sin'~
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Dividing (24) by (25) we obtain

A 2 co2 Xf + H2 sin2  I2 + 2in 2

V Co2 2 2 H 2 sin - Y2 2si 2 Cos2  (27)

2in 1o+

where (21) has been substitutel The root of the product of

(24) and (25) yields the left-.hand side of (26) except for the

factor of l/cos
S4 1/2 HH 2

.2 2 2 212 2 2I,2cos 2 + Hlsin )(HCr'in C 4 sin2 1- 1 2sn 2

After an easy transformation we obtain

(v -1)sin 2y (28)
- ( 1sin2 I + 4v

T 6,'xiesdtbns (27) and (28) yield the following statementos

If the axial ratio v of the polarization ellipse and the

angle of rotation T are given, the phase difference S and the

ratio of the maximum values of the field strength component

AA
If, however, B is given, G follows from (lo)0

G A tan

For the purpose of facilitating the evaluation of measuremen%,

the expressions (27) and (28) were computed on a ZUSE Z23V

computor (Institut fUr Rechentechnik) for a series of v and y va-

lues. w and S are illustrated in Figs. 7 and 8 as functions of

v, with y being the parameter.

1.a.L au j~on ;chcr.-C

Let us first continue the statements of section 1o4:

Solving the system
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G- C(x,p)
S S(x,p)

for x and p by means of Figs. 2 and 3 is quite troublesome.

For this reason, both figures were combined in Fig. 9

where G and S are plotted on the coordinate axes, p having fixed
values along the plotted curves and x having fixed values along

the dashed curves. Exactly one pair of values, x and p, can be

read from this figure for the pair of values G and * As the

intervals for x and p are chosen smallv linear interpolation

is possible. Deyiation of x and p may easily be read off at

given deviation of G and S
k and k follow from x and p according to Eq. (13) and

(14): (
x

k 2 -p. (14a)

Substituting these expressions in (7)' and (8) we obtain

the final expressions

- 2.285 - 1015  -l(7a)
2 2 (7a)r2r,

d -2535 105~ (A)2 2 [~m1 M .1 (8 a)

The steps of evaluation are illustrated by the following diagram:

measured A x

v Figs.7, 8 B Fig, 9 i Eq.(7aXa)

pE6

rk

Eq.(13a)(14aJ k2 l
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2.

2,. Tz&nsMogier and receiver

All the instruments (transmitter and receiver) desoribe&

in N3or [51 could be used for the measurements.
The trj jgitjt consists of the collapsible frame antenna

SA 11, built on an automatic antenna rotating device, The latter
turns the transmitting antenna with steps of 15 degreeo the
transmitter being switched off during the rotation. Thus, the
adjustment of a new angular position is indicated on the re-
giver. SA 11 and the tuning units are connected in series
resonance oircuit, operated with 120 kc/sec by a battery-fed trans-

mittor.

At the rj9jiersg.Jda a ferrite rod is used as receiving

antenna. It is fixed on a bearing head (Fig. 10). The magnetio

field variable in timep induces a voltage in a winding with

grounded center-tapq fixed eymmetrioally to the oenter of the

ferrite rod. This voltago is conducted to a tuning and pro-
amplifier unit. Prom there, the signal goes to a wave analyser

having a band width of 100 ape (BRX-2, Wandol*Ooltermann).

2.2. MA&Luto ofA-9U eaumet(etod I)

The condition of homogeneity seems to be largely satisfied

in the mine of Sto Gertraudi. Several measurements as described

in [51 have been *valuated according to 1,9. The axes of the
polarisation ellipse and the angularity of the receiving antenna

are measured for each angular position of the receiving antenna.

Thus, a number of 0 and S values are obtained for various values

Of$o They are averaged and the standard error of the arithmetic mean is

eterminedo Prom Fig, 9, the deviations of x and p are then oal-
oulated from the equations, and finally the standard error of the
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arithmetic mean of c and iP.., obtaineds

S2 2+ (g2_)2 + (4)2 + 6 ' (29)

T 02(7) + 2() p )r(30)

Te ppeculiar term AP in 09) means:P

If p approaches unity, the method fails for determining a, This,
however, becomes quite clear: From p ;I it follows that

1
W 6 >>

according to Section 1o. The conduction current thus predomi-

nates over the displacement current to such a degree that the

quantity E has but a very small influence on G andS.

Examples Let

.. --- .2.0

0

then p a 1 -- L -0.95,

and if . becomes twice as large, we obtain

- - 4.0
WE_0

1

and p in ""- 0.975 I

i.e., a loo per cent charwe of &-in this region yieldsa change

in p which~is not.eyen. I
The trans-mitting antennand receiving antenna were at first

adjusted with respect to the north direction, and the angles of

interest were calculated accdrdifig to the relations (cf. Fig. i)

(31)

3N '-N(52)
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The orientation of angles can also be found in Fig. 1. The

angular values of d-.9 B9 r were adjusted in accordance with di-

rectional method I [5] . Eq. (32) is valid only if the maximum

of the polarization ellipse is horizontal, This was the case in

the present measurement, Table 1 gives in brief the minutes of

the measurement and its evaluation. (The angles r and B which

had not been evaluatedp were omitted, as well as the voltage in

direction of the absolute minimum, ie., in direction of the

surface normal of the polarization ellipse.)

The point at which transmitter and receiver had been set

up can be found in the miner0s map (Fig. 11). We obtain

5". (19 ±0.2) o 10 4 mhos/m

- 13 ± 2

Tables 2a and 2b contain two measurements in which transmitter

and receiver were interchanged, The mean values of G and

coincide for each measurement separately, thus the mean values

of both measurements could be determined jointly. The accuracy

was somewhat improveds

S- (2°4 ± 0.2) 1 o"4 mos/

F- 10.5 ± 1

The errors are always to be understood as standard errors of the aritha

Some lines of the Tab. me not been evaluated. These are either

reading errors, mostly, however, they contain 4 values near 00

and 900. Here, one field strength c6mponent prevails to such an
extent that the evaluation of the polarizatioA ellipse beoomes

useless owing to the attainable accuracy of angle adjustment.

There exists an additional method of checking the mean values

of 0: They must coincide with the directly measured voltage ratio

b:1
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at . 00 and 900 according to the definition of G (10).

This was the case in the present measurement,

For an accurate control of theory, the position of the

polarization ellipse in space must also be evaluated. This plane

is given by the surface normal and by the point P of the measure-

ment. The direction of the surface normal, however, is identical

with the direction of U3 (- direction of minimum field strength

of reception) which can be adjusted most accurately because of

the cosine characteristics of the receiving antenna,

In the directional method I [5] , the diriction of U3 in

fixed by three angles. An arbitrary spatial direction, however,

can bl adjusted with two angles9 as applied in method II. Hence,

method II seems to be more suited for evaluating the position of

the polarization ellipse in space.

2.3. Measurements by directional method 1I

Tables 3a and 3b contain two measurements in which transmitter

and receiver were again interchanged. If U1 is horizontal, we

have r f 0, yielding

-if - ± 9(33)

(both signs , because 'can be determined only to + 1800).

C, is obtained from

-K - (34)

Evaluation yielded

d - (1.5 ± 0.2).10 4 ,hos/Z

- 7.5±1*

These measurements, however, show that the polarization ellipse

does not lie in the horizontal plane as could be expected from

theory. An increase in gallery height is not sufficient for ex-
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plaining the deviation of B from 900. The number of measure-

ments ia too small as to permit any conclusions regarding the

causes why the plane of the measured polarization ellipse

deviates from the meridional plane.

If this deviation is neglected in first approximation, this

method of determining d and e is well permitted. More so, if the

resulting values agree with those obtained from a completely

different method.

2.4. Comparison

d and of rock samples were determined in [6] with a measuring

capacitor by a bridge method. The rock occurring most frequently

in St. Gertraudi yielded the following valuess

FS( mlios /m)
white dolomite 12.8 1.2 • 10-4

yellow dolomite 13 2 - 10- 4

sandstone 5.5 6 o 10-4

water 81 4.3 • 10-2

The values obtained from the propagation measurements are in

fairly good agreement with those of the natural samples.

Summary

In the theoretical part, the possibility of determining d and

e from the field structure of the magnetic dipole was shown.

Decisive for the field structure is the complex propagation con-

stant besides the distance r. The field can be characterized

not only by kl, k 2 and r, but also by G, the ratio of the re-

ceiving field strength at J- 00 and 900, and by the phase

difference between the field strength components Hr and

G and can be determined by evaluating the polarization 1"
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ellipse, thus d and a are obtained.

In the experimental part, some measurements have been

described and the agreement of d and e with those '.)f the natural

samples has been illustrated. The deviations of theory and

experiment observed in a declination of the plane of the measured

polarization ellipse toward the meridional plane shall be the

subject of further studies.

F:
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MEASUREMENTS IN ST. GERTRAUDI

with the portable transmitter.

Frequency: 120 kc/seco

TABLE 1

27 April 1966

Transmitter: End of "Siidostschlag"

Receiver: Bend of "

Distance r - 92 m

Angle from north towards r :SN - 242 deg.

U1  A

[MV] B
CL U CO U os W GN N I1I12

180 298 230 60 3°8 -56 -62 0.532 0.71 31.5 1.34

165 317 255 20 12.8 -75 -77 0.231 0.24

150 335 225 21 10,7 -87 +88

135 353 235 66 3.6 69 73 0.306 0.48 42 1.57

120 14 259 95 2.7 48 58 0.625 0.92 39.5 1.47
105 32 270 95 2.8 30 43 1.07 1.51 42 1.41

90 45 300 81 3°7 17 28 1.88 2.35 44 1.25

75 54 320 52 6.15 8 13 433 4.5 47 -

60 64 320 17 19 - 2 - 2

45 73 305 19 16 -10 -17 3.27 2.85

30 83 280 48 5,85 -21 -32 1.60 2.4 27.5 1.50

15 97 260 67 309 -35 -47 0.933 1,38 31 1.59
0 117 235 62 3.8 -55 -62 0.532 0.71 31.5 1.34

G -1,43 0. 4 04 x .6+00
- 37o5 3 p a 0,68 + 0.08

'=(1.9 t 0o2).10 4 mhos/m

E= 13 t 2
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TABLE 2

22 March 1966 29 March 1966

a) Transmittert Morgenschlag-Sd VI

Receiver: Bend of SUdostschlag

b) same as a), but transmitter and receiver interchanged

r - 178 m, 9 N -35 0 (t 1800)

A2 v y tan )- w G

a) 360 261
345 278 41 17 2.4 -63 -50 1.19 0,63 5105 0-75
330 289 37 10 3.7 -74 -65 2.14 0,43 48 0.92
315 298 38 6 6.3 -83 -80 5.67 0.20 48
300 305 41 3.2 12,8 90 85 11-45
285 315 40 6.2 6.45 80 70 2,58 0.24 42 0,62
270 327 37 10 3.7 68 55 1.43 0.40 39,5 0.56
255 348 34 11 3-1 47 40 0-84 0.95 35°5 0°80
240 2 32 6 5.3 33 25 0.467 1o68 0,79
225 22 32 2,5 12.8 13 10 0,176 400 0.70
210 38 38 8 4,8 - 3 - 5 0.08
195 55 34 14 2.43 -28 -20 0.364 1.28 49,5
180 83 33 16 2.06 47 -35 0700 0,985 52.5 0.69

b) 360 252 47 24 2,0 -45 -35 0700 1.0 53 0,70
345 276 53 25 2.15 -61 -50 1.19 0.71 55 0.85
330 292 9 21 2,8 -77 -65 2,14 0,485 55
315 303' b3 14 4 ,5 -89 -80 5.67 0.24
300 310 65 6°5 10.O 85 85 11.45 705 49
285 318 63 6 10.5 77 70 2-58 0,26 0,67
270 328 59 12 4.9 67 55 1o43 0,58 30.5 0,83
255 342 52 16 3e25 53 40 0,84 0,84 35.5 0,71
240 2 48 16 3.0 33 25 0.467 1.64 39 0.77
225 24 46 10 4.6 11 10 0,176 3,5 52 0°62
210 39 46 7 6.6 - 4 - 5 0.08 6.0 63
195 56 47 16 2,94 -21 -20 0,364 1o94 46.5 0,71

.180 80 48 24 2.0 -45 -35 0.700 1,0 53 0.70

-0.73 10.02 x~ x-2.2 +0.1II=47 +1.6 P' p 76 + 6 %

er (2.4 1 0.2)o10'4 Rhonia
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TABLE 3

10 May 1967

a) Transmitters Bend of SUdostschlag

Receiver: At point 8.29 Morgenschlag-Siid I

r- 122m % 14' (±1800)

b) same as a)m but transmitter and receiver interchanged.

J-N _, o? -Gtan G-N I N 1  U2  t
0146 26 298 -67 1 5.6 76 -14 -14 0.25 3.3 35 0,825

15 147 12 288 -29 0 12.2 84 -6 1 - 7.5 40-
30 145 16.5 98 -51 -1 8.9 -84 6 16 0.285 6.5 48 1.86
45 14o 30 85 -69 1 4.2 -71 19 310.-601 2-4 40 1.44
60125 38 72 -75 -7 3.3 -58 32 46 1.035 1.5 36 1.56
75 122 35 54 -76 -6 305 -40 50 61 1.805 0.86 32 1.55
90 120 19 35 -73 -1 6.3 21 69 76 2.6 0.39 - 1.02

105 125 32 20 -90 0 3-9 - 6 -84 91 - 0.32 - -
120 125 26 1 -90 0 4.8 -14 -76 -74 4,0 0.33 42 1.32
135- - - - - - - - -59- - - -
150 125 42 328 -84 8 3°0 46 -44 -44 0.966 1,02 35 0.89
165 140 37 317 -80 11 3.8 57 -23 -29 0.555 2,0 34 1.11
180 - - 299 -63 2 - 75 -15 -14 0.25 - - -

360
345 85 26 319 90 0 3.3 55 -25 -29 0.555 1.55 37 0.86
330 85 32 326 82 1 2.65 48 -32 -44 0.966 1.45 45 1.40
315 85 27 341 81 1 3.0 33 -57 -59 1.065 0.71 38 1.18

*300 80 16 358 7.5 4 5.0 12 -78 -74 3.5 0.29 421.01
285 - - 205 - 34 - 91 - - - -

270 8516 69 96 -35 503 83 43 76 - - - -

255 85 24 50 90 0 3.5 -36 54 6 1.805 0.77 33 1.39
240 95 24 71 90 0 4.0 -57 33 46 1,035 1.45 30 1.51
225 100 17.5 264 90 0 5,7 -70 20 31 0.601 2.95 29 1.77
210 103 2 85-67 0 50 89 - 1 16 0.2873 -

195 103 7 286 60 0 19.7 88 - 2 1 - -
180 100 18 298 76 -4 5°55 76 -14 -14 0.25 3.3 35 0,825

G 1,25± 008 x - 1°18+ 0,1j o-(1.5 0.2)104mhos/m

S-37 ± 1.20 P - 77 + 10% ' E 6w 7.5 + 1
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The equations for a magnetic dipole in a homogeneous, conductive
medium are analyzed. The field in shown to be elliptically polarized
in the transition zone between near field and far field, Quantities are
introduced which are easy to determine by experiment: from them, the
complex propagation constant can be determined at a given distance. Thus,
conductivity and dielectric constant can be calculated for a given
frequency. The applicability of this method is confined to the region of
validity of the basic expressions. This comprises the condition that the
cavity which contains transmitter and receiver is small as compared to
the wave-Length in matter. Our measurements at 120 ko/sec satisfied this
condition.

The principle of measurement and its evaluation are described. The
results are compared with results obtained from natural rock samples.
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